Summary A total of 23,863 individuals living in an area of low endemicity for leprosy were tested by enzyme-linked immunosorbent assay with a semisynthetic analogue of the phenolic glycolipid I antigen of My cobacterium leprae. The proportion found positive was 3·86% which was significantly higher than that in a sample of a population known to be free of leprosy. Clinical examinations as well as Mitsuda and skin smear tests were organized for those defined as seropositive. The proportion of individuals with lepromin reactions of less than 3mm increased 18·9% per serological interval as antibodies rose though it was not statistically significant. As a result of the clinical and bacteriological examinations, 2 cases with clinical signs and heavy bacillary load were found, whereas acid-fast bacilli were demonstrated in 2 other individuals without clinical manifestations of leprosy. The usefulness of the system for control purposes is discussed.
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The development of immunological tests capable of identifying My cobacterium leprae
infected individuals has been one of the principal goals of leprosy research since the beginning of this century. 1,2 Therefore, the isolation and chemical characterization of a M. leprae species specific antigen, the phenolic glycolipid I (PGI), 3 fo llowed by the preparation of artificial antigens containing the species specific moiety of PGI 4 made possible their use in serological tests and gave rise to hope for the availability of a long sought serodiagnostic method for the early detection of clinical disease and for the identification of individuals with subclinical infection and, hence, at risk of contracting leprosy.
After these antigens became available, numerous studies, mainly by an enzyme-linked immunosorbent assay (ELISA), have been conducted throughout the world in order to study the humoral response to M. leprae and to evaluate the usefulness of this tool for seroepidemiological surveys and control purpose. Most of the published studies have been cross-sectional, variously comparing antibody levels in panels of sera from patients of all leprosy types as well as from patients' contacts and healthy individuals from leprosy endemic and nonendemic areas. In a recent revision of the subject, Smith S noted that the results from the cross-sectional studies suggest that PGI antibodies provide a sensitive test for multi bacillary (MB) leprosy but that it is much less useful for the detection of paucibacillary (PB) cases and pointed out, on the basis of this latter observation and of a reasonable statistical assumption, that it appears that the contribution that serodiagnostic methods can make over normal diagnostic procedures is rather limited at the present time; and that, to assess more rigorously the usefulness of PGI antibody levels in predicting who will develop clinical disease, it is necessary to conduct studies in which individuals are followed prospectively for signs of leprosy after sera have been collected from apparently healthy individuals.
In Cuba, previous studies 6 , 7 showed some evidence that a positive result of the serological test could lead to the detection of individuals without clinical signs but with acid-fast bacilli (AFB) demonstrable in their skin smears, as well as of cases with early clinical signs and others with more advanced disease who were shedding AFB and had not been detected through the normal activities of the control programme. These :;
findings offered encouragement to undertake a wider seroepidemiological study since skin-smear positive cases are thought to make the greatest contribution to the spread of M. leprae infection.
Materials and Methods

STUDY AREA
The study area was the city of Trinidad and 3 other small neighbouring villages called Casilda, Condado and Caracusey. Trinidad, head of the municipality of the same name, is situated in the central part of Cuba near the southern shore . On 31 December 1992, 69 leprosy patients were registered in the municipality, all but one were living in the study area and were receiving or had completed multidrug therapy (MDT). In the area, as in the whole country, leprosy rates are low. In the 13-year period 1980-92, 42 patients were diagnosed (X = 3 ,2). According to the Madrid classification, 12 of them were classified as tuberculoid, 10 as indeterminate, 2 as dimorphous and 18 as lepromatous. The local laboratory found 13 (3 1 %) of these cases as skin-smear positive when detected. The total population of the study area was estimated to be 44,578 inhabitants (Table 1) at the beginning of the work (October 1992).
BLOOD CO LLECTION
Since there is no leprosy in children in the study area, the eligible population considered was above the age of 9 years, and was estimated at 37,895 ( nonleprosy cases living in endemic areas or on sera for nonendemic areas. Neither of these is ideal in so far as control individuals from endemic areas might be infected with M. leprae and individuals from nonendemic areas are liable to lack exposure to other potentially cross-reacting infections, which will in fact determine specificity when the tests are applied in endemic areas. Trying to minimize this inconvenient fact, blood spots were collected from 430 individuals, aged above 9 years, living in a small village called Puerto Manati. This village is situated in the province of Las Tunas which is the Cuban province with the lowest leprosy rates, its mean annual detection rate is only 0·9 per 100,000 in the decade 1980-89 and, particularly, neither present nor fo rmer leprosy cases are registered in Puerto Maniti where the population is known to be very stable.
ELISA
The procedure was basically the same as that described by Cho et al. 9 with some modifications. The antigen used was ND-A-BSA prepared at the Havana University Faculty of Chemistry and obtained by courtesy of Dr V. Verez. This antigen had been previously tested in parallel with Gigg DISSACH, provided by WHO, with excellent results. Discs of 5-mm diameter, found to absorb about 5 p,l blood, were punched fr om the blood-impregnated paper and eluted overnight at 4°C in 400 p,l of phosphate buffered saline (PBS) containing 2% skimmed milk to an equivalent serum dilution of 1/200. The antigen was dissolved in a carbonate-bicarbonate coating buffer (PH 9'6) to the concentration of 2 p,l/ml, and added at the amount of 50 p,l to wells of flexible PVC plates (Flow Laboratories) which were incubated at 37°C for 18 hr. Wells were washed 4 times with PBS, blocked by the addition of 100 p,l of PBS containing 5% skimmed mild and incubated at 37°C for 1 hr in a moist chamber. The contents were aspirated and 50 p,l of the eluted samples were added. Plates were incubated at 47°C for 1 hr, washed 6 times with PBS, fo llowed by the addition of rabbit anti-human JgM-peroxidase conjugate reagent (DAKO-Immunoglobulins a/s, Denmark) diluted 1/1000 in PBS-2% skim milk. After a 1 hr incubation and 4 fu rther washings, 50 p,l of H2 0 2 -O-phenylene diamine substrate-dye reagent in citrate phosphate buffer were added and incubated at 37°C for 10min. Reactions were terminated with 2·5N H2 S0 4 and the absorbance was read at 492 nm in a Titertak Multiskan MC reader. Pool of sera fr om untreated lepromatous patients adjusted to give an OD value of 1·000 and fr om healthy subjects were included as controls in each plate. In order to save time and materials, the samples were tested in two steps: first, each elution was added to only 1 antigen coated well and, second, those giving OD readings higher than 0·200 were tested again, this time using 2 antigen coated wells and 1 BSA coated well. The results were expressed as the mean OD of antigen duplicates minus the OD of the BSA well. A correction factor was applied to compensate for plate-to-plate variation in results recorded for the positive control pool. On the basis of the results observed on the Puerto Manati samples, the criterion for positivity was an OD reading above 0'199. 
Results
The number of individuals from the study area who were serologically tested was 23,863 that is 63·0% of the eligible population. Table 2 shows the frequency distribution of ELISA results from both the study population and the presumably M. leprae nonoJ infected controls from Puerto Manati. None of the control samples showed an OD reading higher than 0·299 and only 2 in the interval 0'200-0 , 299. If the criterion for positivity is set at an OD value higher than 0' 199, then the resulting test specificity is 99·5%. Thus, the overall positivity rate was 3·86% in the study population, significantly higher than in the Puerto Manati population (comparison of 2 proportions, Z = 15'32,
Not all the subjects found to be ELISA positive could be clinically examined and Mitsuda tested (Table 3) . Table 4 shows the results of the lepromin tests according to the serological intervals. Although there is a linear relationship between the 2 variables (i = lO·1118 6 df) with a slope ((3) = 0· 1891 (Model P = a + (3 xi) which means that the proportion of individuals with lepromin reactions of less than 3 mm increases 18·91 % per interval of PGI antibodies as these latter rise, this increase is not statistically significant (X 2 = 1·349 1 df) possibly due to the small number of individuals in the highest OD intervals. As for the clinical examinations, 2 old men, 60 and 71 years old, presented with signs of leprosy. The first case showed with moderate infiltration of both earlobes, partial loss of the eyebrows laterally and scarce micro nodules in the left upper limb, this man was a household contact (husband) of a registered and treated lepromatous patient and had refused previous examinations organized by the programme for patients' contacts. The second case also presented with some micro nodules in the left upper limb and both lower limbs, no other clinical sign was noted in this case, who was a neighbour of the former case. Both were found to be skin-smear positive with a heavy bacillary load. A third case, a 43-year-old woman was found to be skin-smear positive with a Bacteriological Index (BI) of 2 + at all sampled skin sites but, remarkably, no clinical signs at all were noted when examined. This case was a nonhousehold contact (niece) of a registered and treated lepromatous patient. All 3 cases (Table 5) were promptly put on MDT as recommended by WHO for MB patients.
to Yet, in the skin smears from a fourth case 1 AFB could be seen, the smears were then carefully scrutinized for more AFB but no further organisms were observed. The OD value for this case was 0'659, his clinical examination was negative, his lepromin reaction was 9 mm and no contact with leprosy was known. This case was administered the MDT regimen recommended by WHO for PB leprosy.
to Apart from the cases already described, leprosy was diagnosed in a self-reporting individual who was classified as tuberculoid and had been negative in the serological test and, hence, not included in the study_ No other leprosy cases were detected in the study area in the year 1993_
Discussion
In spite of the very low morbidity rates for leprosy in the study area, the PGI seroreactivity characterized its population as different from that presumably free of the disease in Puerto Manati_ The frequency distribution of OD values observed in this
.r study and that reported for leprosy contacts by other workers ll -14 suggests that, on exposure to M_ leprae, most individuals do not display a humoral response or do it at a low level, whereas the small proportion who do it at a high level diminishes as the PGI antibodies increase_ This observation seems to correspond well with the fact that leprosy is a disease of low incidence. It also points to the risk of contracting MB disease for those with increased seroreactivity because the antibody response to PGI correlates directly to the increasing antigen load from the tuberculoid pole to the lepromatous pole of the leprosy spectrum. 1
Little information is available on the relationship between PGI antibodies and the lepromin reaction in healthy people. This is interesting as it is believed that 10% of lepromin negative people living in close contact with lepromatous leprosy patients eventually develop leprosy, mainly of the lepromatous type, and that considerably fewer lepromin positives with the same contact condition develop the disease, and then only tuberculoid leprosy. 2 Therefore, a parallel assessment of cell-mediated immunity by the Mitsuda test should help the prognostic evaluation of detectable PGI antibodies in healthy individuals. In New Caledonia, Desforges et al. 14 followed 17 contacts for PGI antibodies during 3 years and tested them for the Mitsuda reaction at the second sample. Of these, 11 had a positive lepromin test, 5 of them were seronegative at the first sample and 6 others were seropositive. None of these subjects developed overt leprosy during the study period. Of the 6 lepromin negative individuals, 4 were seropositive at the first sample, at the second sample 3 were still positive and 1 of them had developed an indeterminate form of leprosy. Among the 2 subjects who were initially seronegative, 1 remained seronegative and healthy, the second became strongly seropositive and developed BT leprosy. In Guadaloupe, Agis et al. 1 3 found none of the 48 bloodbank donors and 4% of 69 leprosy contacts to be seropositive in both tests. David et ai ls found that healthy Mitsuda reactors produced PGI antibodies upon exposure to M.
leprae as often as healthy nonreactors among 534 young army recruits in Brazil, indicating that the probability of subclinical disease was the same in all individuals. In the present study, it was evident that even individuals with high OD values were capable of showing positive lepromin reactions. There is also a tendency though not significant, possibly because the numbers in the highest serological intervals are very small, for an increase in the proportion of lepromin negatives as the OD values rise and this also seems to correspond with the notion that only a small proportion of lepromin negative subjects, when exposed to infection, eventually develop lepromatous leprosy since this disease type is generally associated with high antibody levels. The main objective of most published research works on PGI and its semisynthetic analogs has been to assess the usefulness of serological methods as a tool for control purposes. The ultimate goal of leprosy control is to interrupt the transmission of the causative agent and, eventually, the eradication of the disease. To achieve this it is necessary to detect and administer MDT as early as possible to as many 'M. leprae transmitters' as possible. Therefore, while the very high sensitivity of the test is widely recognized for the highly bacilliferous untreated lepromatous cases, the matter of its usefulness as a control tool should be discussed further. In a previous study conducted by the authors 6 among 3366 contacts, the test results led to the detection of 3 early cases who were classified as indeterminate, 2 skin-smear positive cases with clinical signs and, yet, another case in whom not a single clinical sign was observed but whose skin smears were positive showing a BI of 3 +. Four of these cases were lepromin negative. In another previous study 7 conducted among 1200 work-place contacts of 2 lepromatous patients, a positive OD value led to the detection of a contact whose only clinical sign was a moderate infiltration of one earlobe from which a skin smear showed a BI of 1 + . This case was lepromin negative. In the present study, the 2 cases with clinical signs can be considered as early detected. Strikingly, in 1 of them the OD reading (0'244) was only slightly above the cut-off point. Though PGI antibody levels correlated directly with bacillary load, individual variation has been observed. 16 Again, a positive ELISA result led to the detection of a clinically healthy lepromin negative contact but skin-smear positive. With respect to the healthy lepromin positive individual with only 1 skin smear found to be AFB, the simplest explanation may be that it was a saprophytic organism contaminating the skin. But his OD reading was 0·659 and it is not known if he was incubating PB leprosy or if it was a self-healing subclinical infection and, by pure chance, 1 of his few M. leprae were seen when using a microscopy.
In the study by Chanteau et al. 12 among a group of 1123 contacts in Polynesia followed up for periods of up to 6 years, only 1 of 10 individuals who developed leprosy was lepromatous and this case had shown a high PGI antibody level for 20 to 30 months before diagnoses. In The Philippines, Douglas et al. 1 7 found that leprosy developed in 3 of 36 contacts with elevated PGI antibody levels but only in 1 of 285 of those without elevated levels in a study of household contacts over a period of 2 years. But all 3 new seropositive patients were found by biopsy to have a BI of 4 + or higher and had been antibody positive 4, 6 and 18 months respectively before the clinical onset. In the study conducted by Ulrich et al. 1 8 among contacts in Venezuela, the test results for each individual serum sample were expressed as a proportion of the OD value of the positive control in each microtitre plate, using as the positive control a pool of sera from 6 patients with LL or BL leprosy with known high levels of antibodies to PGI. If a cut-off point had been set at 0·250 sample/positive control ratio, 14 (70%) of the 20 cases who subsequently developed leprosy had been considered as seropositive and only 6 indeterminate cases had been considered as seronegative. All 7 multibacillary cases (1 LL, 2 BL and 4 BB) were above that supposed cut-off point. Moreover, a strong association was found between the antibody level and the risk of leprosy. Those with high antibody levels were at over a 10-fold increased risk of leprosy compared to those in the lowest category and there was a gradient in risk with antibody level. s A positive test result cannot display a high predictive value for overt disease since infection is far more common than is evidenced by clinically manifested cases. 19 Thus, the test should be useful for screening populations or groups of individuals at risk and would allow to detect the small proportion that are seropositive for clinical r examination and Mitsuda test. Yet, the results of the Mitsuda test will restrict further the number of individuals to be followed up and so, the health care services would not be oversubscribed. Another problem is the feasibility of carrying out such a strategy as many endemic areas may lack the necessary infrastructure for performing the serological tests, however, solutions may also be found. Blood collection onto filter paper is so easy that community volunteers may be trained to do it. A very high productivity may be achieved by a central laboratory with a good work organization and, once the laboratory is equipped, at a satisfactorily low cost. Leprosy control by health education and administration of MDT to self-reporting cases, might not be as successful with respect to a foreseeable interruption of M. leprae transmission in areas of predominantly MB disease as it may be in areas of predominantly PB disease due to the relatively greater number of cases acting as sources of infection before the disease clinically manifested or not is diagnosed and treated. Therefore, in at least such former areas there may be a role for PGI serology in leprosy control.
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